Specific hydration and cation binding sites of Kt-U4:
In contrast to Kt-58, smaller Kt-U4 reveals nearly identical hydration and cation binding pockets for both its substates. Detailed analysis of hydration in Kt-U4 revealed several hydration sites with residency times longer than 1 ns (Table S1 ). These sites are located mainly on the interface between stems, where no significant structural changes occurred. Reduction of the inter-helical angle caused formation of closed packing between stems and directly influenced the residency times of individual water molecules. Further, long residency hydration sites were not observed around critical flexible base due to its exposure to the bulk solvent, leading to rapid exchange of water molecules. Both open and closed substates (Razga et al., 2005) revealed two identical cation binding sites, far away from the region of structural changes. The first site was at G34(O2P) and the second one was at A29(N7). The open substate shows occupancies of these sites 41% and 22% while the closed substate shows occupancies 62% and 25%. For more details see Table S2 . Initial distribution of ions in the Kt-42+FBS simulation.
Supplementary Tables
In simulation of Kt-42-FBS system, we did not use the Xleap to provide the starting position of ions. Instead, we manually placed the ions away from the solute (along the rRNA at the distance of ca. 4-5 Å from the structure). Our decision to move the counter ions manually away from the solute in one simulation after the Xleap placement was motivated by B-DNA simulation study by Rueda et al. (Rueda et al., 2004) . This study suggested a possibility of trapping of the ion when initially placed by the electrostatic terms. Although we have never faced this trapping problem in our simulations (so far around 3 microseconds of published and unpublished RNA data), we decided, in some simulations, to move the ions initially away from the solute, as a precaution. When doing so, we do not place the ions to some specific binding pockets. We move them away from the solute binding pockets, and we let the simulation to spontaneously localize the ion binding sites entirely on its own during the production simulation. So, such procedure in fact reduces any possibility of initial bias. In addition, our empirical experience suggests that in long RNA simulations (10-15+ ns), the initial placement of monovalent ions does not play a role. After 5-10 ns the results are not systematically affected by the starting geometries of monovalent cations. We believe that the manual placement is better for sampling, but we also suggest that in longer simulations it does not matter what is the initial monovalent ion distribution. (Note that simulations are stochastic, so even when using identical starting distributions the subsequent development is stochastic). To avoid any confusion or feeling that the starting geometry was manipulated, supplementary file Kt-42FBSions.pdb contains the starting geometry with manually placed ions.
Free energy calculations of the Kt-U4 substates.
MM-GBSA method (Molecular Mechanics, Generalised Born, Surface Area) is a common method that allows free energy analysis of the explicit solvent MD trajectories via postprocessing. It is based on a continuum solvent approach that replaces the explicit solvent and utilizes directly snapshots from the simulations (Kollman et al., 2000) . Note that the method is based on a number of approximations and is inherently less accurate than the explicit solvent simulation itself. We applied this method to follow the free energy change associated with the change of stacking in the Kt-U4 simulation, when the system converts from the initial substate to the final substate.
MM-GBSA calculation was done for every 5 th snapshot of the 74 ns trajectory of Kt-U4. MM-GBSA approach includes two energy contributions; Molecular Mechanics energy (MM; G gas ) and solvation energy based on Generalized-Born and SASA models (GBSA; G sol ). G gas was calculated by sander module of AMBER-8.0 (Case et al., 2004 ) (explicit solvent and ions were not included) using Cornell et al. force field (Cornell et al., 1995) . G sol contains two parts, electrostatic (G GB ) and non-polar (G non-polar ). The electrostatic part was derived with GB approximation using the Jayaram et al. model (Jayaram et al., 1998) while the non-polar contribution depends on solvent accessible surface area (SASA). The SASA term is represented as A*SASA + B, where parameters A and B were taken from Sanner et al. (Sanner et al., 1998) : A=0.00542 kcal/Å MM-GBSA free energy estimation of the stacking change between the Kt-U4 substates. While the conformational dynamics of Kt-38, Kt-42 and Kt-42-FBS is oscillatory, Kt-58 and Kt-U4 show a change of stacking in the kink area that is permanent on the simulation time-scale. We thus performed MM-GBSA free energy analysis of the 74 ns Kt-U4 trajectory. The results from MM-GBSA analysis indicate that the stacking change improves the free energy of the system by ca -3 kcal/mol ( Figure S1 ). While this is entirely in line with the simulation behavior (lack of nsscale oscillations) we need to emphasize that 3 kcal/mol is a subtle change. It certainly lies within the error margin of the MM-GBSA method. The result, however, clearly supports the assumption that the second substate is very close in energy to the initial substate and thus the kink-turn is flexible (only a small external force would be sufficient to return the system back to its starting geometry). The relative balance between the initial and final substates can also be sensitive to the force field approximation. We did not perform the MM-GBSA calculation for Kt-58, as the change of stacking occurs rather early in the simulation. It would not guarantee sufficient equilibration of the system before the transition. This could bias the MM-GBSA procedure, together with the complex hydration pattern seen for of Kt-58 which may not be fully captured by the MM-GBSA continuum solvent approach. The Kt-58 conformational change is, however, similar to the Kt-U4 one and we suggest that the energy dependence should be very similar to Kt-U4. (Ross et al., 1994) . Systems were then solvated by a box of TIP3P water molecules to a distance of 12 Å on each side of the solute (Kt-58MG system contained 8824 waters, Kt-38MG 8105 waters and Kt-42K 11645 waters). All other details about the Molecular Dynamics simulations are given in the text. Structural dynamics Kt-58MG: The Mg 2+ simulation revealed very similar (almost identical) main structural change as observed in Kt-58 simulated in presence of Na + ions. The 22 ns long simulation revealed a major irreversible conformational transition in the period 13-16 ns (Fig. S6, S7A ). The unpaired base A1591, initially stacked on A1603, changed its stacking to G1592, identically to stacking change seen in Na + simulation (Razga et al., 2004) (Fig. S6) . The backbone at this region dramatically changed its path and caused the large-scale rearrangement of the whole motif while both helical stems remained geometrical rigid. There was an upward translation of base pairs of C-stem by one base step (it produced the new cis SE/SE base pair between A1591/A1590) followed by opening of inter-helical angle by 10°. The only difference is that this inter-helical angle change was 15° in presence of Na + . See the (Razga et al., 2005) paper for the inter-stem angle definition. The new geometry was further stabilized by specific hydration mainly at hingeregion (not shown). Cation binding sites and their occupancies are obviously different due to different charge, mass, volume and diffusion of neutralizing cations (not reported). The presence of Mg 2+ ions rigidifies the fluctuations of helical stems and the "V" shaped geometry of Kt-58 is little more compact compared to that seen in the presence of sodium ions only (see above). However, these are not qualitative changes. The observed differences are, in fact, surprisingly small, considering such artificial excess of divalent ions. Importantly, motion of the unpaired base A1591 which is crucial for the large-scale dynamics is unaffected. In summary, the dynamics looks very much the same as in the Na + simulation, except that the opening motion is slightly moderated. Kt-38MG and Kt-42K: Both simulations (Kt-38MG = 22 ns; Kt-42K = 6 ns) revealed oscillations between two conformational substates (Fig S7B-C) . The open <-> closed oscillations of whole Kt-38MG and Kt-42K were directly coupled with oscillations observed in the central Kink area (i.e. the A-minor type I motif) while attached helical stems remained geometrical rigid, similarly to Kt-38 and Kt-42 in presence of Na + . The overall oscillations produced the ca. 6° fluctuations of inter-helical angle in Kt-38MG simulation and ca. 15° in Kt-42K simulation. This again is comparable with Na + results (for definition see (Razga et al., 2005) ). We also analyzed in detail the dynamics of key A-minor tertiary interactions between the helical stems. In Kt-38 these interactions include the trans SE/SE A939/G1027 and A1032/G940, and originally water-mediated cis SE/SE C1026/A1032 base pairs. In Kt-42 these interactions include trans SE/SE A1215/C1148 and A1152/G1216 and cis SE/SE A1152/C1147 base pairs. The control Kt-38MG and Kt-42K simulations revealed mutually close to identical dynamics of these key A-minor interactions. The results are also practically identical as in the respective Na + simulations. The only difference is that the 22 ns Kt-38MG simulation prefers the open conformation of second A-minor (x-ray like structure; Fig. S8A -right panel) more than the Na + simulation, i.e., the relative population of direct and water-inserted periods is modestly affected. In summary, the tertiary interactions involving the first conserved adenosine were stable (A939-G1027 in Kt-38 and A1215-C1148 for Kt-42). The tertiary interactions involving the second adenosine reveal stability of A/G pair (A1032/G940 for Kt-38 and A1152/G1216 for Kt-42) and dynamics of A/C pair (A1032/C1026 for Kt-38 and A1152/C1147 for Kt-42). Comparison of A/C dynamics for different ion conditions is given in Figures S8A-B for both K-turns. The local geometrical rearrangements of A-minor are again directly coupled with presence or absence of individual water molecules between A and C. We observed the individual binding times of the bridging long-residing water molecules up to 3.6 ns in ) revealed the same picture: oscillatory dynamics of the second A-minor, with long-residency water insertion, and associated with the overall hinge-like motions.
Control simulations with Mg
We can conclude that the dynamical behaviour of K-turns seen in explicit solvent simulation on the present time scale does not depend on the ion selection. The dynamics reflects the internal flexibility of the RNA.
To complete our explanation, let us mention that the non-polarizable pair additive force field relies on a quite primitive approximation, representing the ions as simple van der Waals spheres with point charges +1 or +2. Thus, in fact, the force field is unlikely to fully capture the Na + vs. K + difference while the inaccuracy of inclusion of the Mg 2+ ions is necessarily even much larger, due to neglect of large polarization and charge-transfer effects. As shown by us earlier, the current Na + parameters give the ion little oversized, i.e., somewhat in-between "real" Na + and K + (Spackova et al., 1999) . Note also that the parameters for Na + are better tested, as most simulations are carried out in presence of Na + . Further, it is worth to mention that inclusion of Cl -anions into simulation could be quite risky, since anions are inherently polarizable species. Thus, their (pair additive) force field description is necessarily less accurate than for monovalent cations. In some unpublished simulations with KCl for G-DNA, we noticed formation of a salt cluster in the box, hinting at evident imbalance of the KCl force field. In summary, we suggest that performing the simulations in presence of minimal neutralizing Na + conditions is a wise option and the short time scale of the simulations prevents any unfolding. (In this respect, the simulation should not be compared with requirements for equilibrium solution experiment). The ion concentration in this approach is ca 0.2 M which is quite reasonable. Attempts to make the ion conditions more "physiological" may, in fact, lead to rather serious artifacts.
Comparison of flexibility of K-turns with other molecules
Comparison of leading dynamical motions (EDA mode 1) revealed by EDA for simulations of different RNA motifs and molecules is shown in Supplementary Figure S5A -E. (Razga et al., 2005) ) of isolated Kt-38 (A) and isolated Kt-42 (B) in different ion conditions (due to length of Kt-42K simulation (6 ns) we used only first 9 ns from Na + simulation for the comparison). Simulations with presence on Na + are in black, control simulations are in blue. Histograms were calculated using bin width 0.1 Å from MD data without any averaging procedure. Multi-peak gaussian fit (thin lines) indicates presence of different conformational substates, which are directly coupled with presence/absence of water molecules between interacting C and A forming the A-minor type I interaction. In summary, the dynamics is almost independent on the ion conditions. All K-turns oscillate between closed state with direct C(O2) -A(O2') H-bond and water-mediated open state. The only difference (well visible in the Figure A left) is that the Mg 2+ Kt-38 simulation reveals a larger population of the open substate, with longer (up to 3.6 ns) water-insertion lifetimes. Nevertheless, it does not indicate any substantial change of the basic oscillatory motion seen in the simulation. The two competing substates remain identical and only their mutual balance is modestly modified.
